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(54) PRODUCTION OF NONLINEAR OPTICAL ELEMENT 

(57)Abstract: 

PURPOSE: To obtain the method for working a channel 
waveguide without deteriorating quadratic nonlinear 
characteristics in the production process for the channel 
waveguide. 

CONSTITUTION: The process for producing the channel 
type optical waveguide consisting of a high-polymer 
material exhibiting the nonlinear optical characteristics 
as a core and a high polymer having the refractive index 
slightly smaller than the refractive index of the core as a 
clad consists in producing the above-mentioned 
waveguide by applying a UV curing resin 2 on an 
arbitrary substrate 1 , then applying a high polymer 3 
exhibiting the nonlinear optical characteristics thereon, 
applying a water-soluble high polymer 4 to allow spin 
coating thereon, applying a UV curing resin 5 or providing a metallic film, further, applying a 
resist 6, subjecting the resist to exposing and developing to arbitrary patterns by using UV 
rays, etching the layers down to the nonlinear high-polymer layer by reactive ion etching using 
the patterned resist as a mask, lifting off the layers upper than the water-soluble high polymer 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]ln a process of producing a channel type optical waveguide which uses as a core a 
polymer material in which nonlinear optical property is shown, and uses polymers with a 
slightly small refractive index as a clad from a core, Apply ultraviolet curing resin on arbitrary 
substrates, and polymers in which nonlinear optical property is shown below are applied, Next, 
apply a water soluble polymer in which a spin coat is possible, and then apply ultraviolet curing 
resin, and further, apply resist and resist pattern-ized by arbitrary patterns by carrying out 
exposure development using ultraviolet rays is used as a mask, A manufacturing method of a 
nonlinear optical element etching to a layer of nonlinear polymers by reactive ion etching, 
carrying out the lift off of the layer above said water soluble polymer with water after that, and 
applying and producing ultraviolet curing resin after that. 

[Claim 2]ln a process of producing a channel type optical waveguide which uses as a core a 
polymer material in which nonlinear optical property is shown, and uses polymers with a 
slightly small refractive index as a clad from a core, Apply ultraviolet curing resin on arbitrary 
substrates, and polymers in which nonlinear optical property is shown below are applied, Next, 
apply a water soluble polymer in which a spin coat is possible, and then metal, such as 
aluminum, is laminated by vacuum evaporation or sputtering, Apply resist and resist pattern- 
ized by arbitrary patterns by carrying out exposure development using ultraviolet rays is used 
as a mask, A manufacturing method of a nonlinear optical element etching to a layer of 
nonlinear polymers by reactive ion etching, carrying out the lift off of the layer above said water 
soluble polymer with water after that, and applying and producing ultraviolet curing resin after 
that. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the manufacturing method of the optical 
nonlinear channel waveguide which used as the core the polymers which have nonlinearity. 
[0002] 

[Description of the Prior Art]There is an electrooptics element using the material with big 2nd 
order nonlinear susceptibility as typical application using an optical nonlinear material, and 
being included in an optical integrated circuit as an active device is expected. As a material in 
which the primary electrooptic effect (Pockels effect) resulting from the secondary nonlinearity 
is shown, although inorganic substances, such as potassium dihydrogen phosphate (KH 2 P0 4 ) 

and lithium niobate (LiNb0 3 ), were known, In recent years, compared with such materials, a 

big electro-optic constant and the organic crystal material in which a quicker response is 
shown have been found out. However, generally organic crystal material was weak, and since 
it was inferior to processability, difficulty had followed it on electrooptics element production. 
[0003]On the other hand, 2nd order nonlinear material was combined with the main chain of 
the polymer material excellent in molding workability, and the material which can enable thin 
film production easily with a spin coat method etc. was developed. What combined azo dye 
with the main chain of polymethylmethacrylate (PMMA) as a typical material is known. When 
using such materials as an electrooptics element, if it is used for the channel waveguide which 
used as the clad material whose refractive index is slightly smaller than the above-mentioned 
material, using the above-mentioned material as a core and carrying out, various application 
deployment can be aimed at and it is still more advantageous. 

[0004]The making process of the nonlinear polymers channel waveguide currently performed 
conventionally is shown in drawing 3 . Here, according to drawing 3, conventional technology is 
explained about the case where PMMA known for the light transmittance state being excellent 
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is used as a clad. First, PMMA16 used as a clad is applied with a spin coat on the arbitrary 
substrates 15 ((1) process), and it dries enough. Next, the spin coat of the high polymer layer 
17 containing the 2nd order nonlinear material used as a core is carried out ((2) processes). 
[0005]At this time, lower layer PMMA16 and the nonlinear polymers 17 need to be made 
INTAMIKISHINGU. However, when the solvent of the nonlinear polymers 17 was a good 
solvent of PMMA16, INTAMIKISHINGU of nonlinear polymers 17 and PMMA16 happened, and 
a boundary becomes less clear and had become a problem. 

[0006]Next, the spin coat of PMMA18 is carried out as an upper clad layer. Also in this case, if 
the solvent of the nonlinear polymers 17 is a good solvent of PMMA18, the problem of 
INTAMIKISHINGU will arise. Next, the spin coat of the heat-curing resin 19 is carried out, and 
baking powder is carried out at about 200 **, next the spin coat of the silicon system 
photoresist 20 is carried out, ultraviolet rays exposure is carried out via a mask, and the resist 
20 is developed to arbitrary patterns ((3) processes). A high polymer layer is etched to the core 
layer 17 by reactant reactive ion etching (oxygen ion 21) by using this resist pattern as a mask 
((4) processes). Next, for a wrap reason, the spin coat of PMMA16 is carried out for side ** of 
the core layer which became unreserved by etching with a clad material ((5) processes). 
[0007]Although it is desirable to remove the resist 20 and the heat-curing resin 19 before the 
process of carrying out the spin coat of the PMMA to the last, it is necessary to dip the side of 
the channel waveguide which formed the resist 20 at the process of exfoliating in a strong 
alkali solution or a strong acid solution. Since azo dye was committed by acid or alkali at this 
time and the secondary nonlinear characteristic deteriorated remarkably, exfoliation of the 
resist 20 was not completed conventionally. Therefore, the channel waveguide was produced, 
not exfoliated the resist 20 conventionally. 
[0008] 

[Objects of the lnvention]ln the production processes of a channel waveguide, the purpose of 
this invention is the process of exfoliating resist, and there is in providing the method of 
processing a channel waveguide without degrading the secondary nonlinear characteristic, by 
the method of exfoliating resist only with neutral water not using acid or alkali. 
[0009] 

[Means for Solving the ProblemJIn order to solve the above-mentioned problem, a 
manufacturing method of a nonlinear optical element by this invention, In a process of 
producing a channel type optical waveguide which uses as a core a polymer material in which 
nonlinear optical property is shown, and uses polymers with a slightly small refractive index as 
a clad from a core, Apply ultraviolet curing resin on arbitrary substrates, and polymers in which 
nonlinear optical property is shown below are applied, Next, a water soluble polymer is applied 
and then ultraviolet curing resin is applied, and further, resist is applied and it etches to a layer 
of nonlinear polymers by reactive ion etching by using as a mask resist pattern-ized by 
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arbitrary patterns by carrying out exposure development using ultraviolet rays. 

Then, the lift off of the layer above a water soluble polymer is carried out with water, and 

ultraviolet curing resin is applied and produced after that. 

[0010]ln a process of producing a channel type optical waveguide which according to the 
manufacturing method of the second nonlinear optical element of this invention uses as a core 
a polymer material in which nonlinear optical property is shown, and uses polymers with a 
slightly small refractive index as a clad from a core, Apply ultraviolet curing resin on arbitrary 
substrates, and polymers in which nonlinear optical property is shown below are applied, Next, 
apply a water soluble polymer and then laminate metal, such as aluminum, by vacuum 
evaporation or sputtering, and further, apply resist and resist pattern-ized by arbitrary patterns 
by carrying out exposure development using ultraviolet rays is used as a mask, It etches to a 
layer of nonlinear polymers by reactive ion etching. 

Then, the lift off of the layer above a water soluble polymer is carried out with water, and 
ultraviolet curing resin is applied and produced after that. 

[0011]This invention is explained in more detail based on a drawing. 
[0012]Although drawing 1 is process drawing showing the first manufacturing method of this 
invention, The spin coat of the 2nd order nonlinear polymers 3 which carried out the spin coat 
of the ultraviolet-rays (UV) hardening resin 2 used as a clad plate, and were made to irradiate 
with and harden UV on the substrate 1 ((1) process), next were melted in an organic solvent is 
carried out, and it dries so that more clearly than this figure ((2) processes). Next, for example, 
after carrying out the spin coat of the polyvinyl alcohol (PVA) 4 melted into water, carrying out 
the spin coat of UV curing resin 5, irradiating with UV further and hardening resin, the silicone 
series positive resist 6 is applied in a spin coat, and exposure development is carried out to 
arbitrary patterns ((3) processes). Although an alkali solution is used for a developing solution 
at this time, in order not to carry out direct contact to nonlinear polymers, influence does not 
give nonlinear polymers. 

[0013]Next, by using resist as a mask, in oxygen environment, reactant reactive ion etching is 
performed and it etches to a layer of the nonlinear polymers 3 with the oxygen ion 7 ((4) 
processes). Almost vertical etching is possible to a substrates face by performing reactant 
reactive ion etching by the oxygen gas 7 in a field where a pressure is comparatively low. Next, 
since PVA4 will melt into water if the substrate 1 after etching is dipped in distilled water, upper 
portion exfoliates from PVA4 ((5) processes). That is, a lift off is carried out. Nonlinear 
polymers will be covered with a single polymers clad plate, when this substrate is dried and the 
spin coat of UV resin 2 is carried out. 

[0014]Here, when exfoliating resist by applying water-soluble PVA before applying resist, resist 
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can be exfoliated only with water, without using acid and alkali. Although PVA is used in an 
above-mentioned example, it is desirable for solution to use a water soluble polymer in which a 
spin coat is possible easily [ thin-film-izing ]. As such a water soluble polymer, there is 
polymethacrylic acid besides PVA and it can be used like PVA. 

[0015]ln the case of development, when resist is directly applied on a water soluble polymer, 
since a water soluble polymer also melts simultaneously, it is insoluble to water and, moreover, 
an insoluble layer is needed also for a resist solvent. UV curing resin which dissolved in an 
organic solvent was used as polymers which are satisfied with the first manufacturing method 
of this condition. Instead of UV curing resin, as shown in drawing 2 , the metal layers 12, such 
as aluminum, may be used, laminating them by vacuum evaporation etc. In this case, although 
it is necessary to etch aluminum by using resist as a mask, then to etch with a water soluble 
polymer and nonlinear polymers, after etching to a layer of nonlinear polymers, there is no 
change in the ability to carry out the lift off of the upper layer with water from a water soluble 
polymer. 

[0016]Polymers which combined dye molecules, such as azo dye, with a side chain melt into 
organic solvents, such as mono- chlorobenzene, methyl ethyl ketone, and toluene, easily, and 
water has many insoluble things. Therefore, a water soluble polymer also has an advantage, 
INTAMIKISHINGU [ polymers / nonlinear ] even if it applies on nonlinear polymers. Thus, if a 
process of applying water soluble polymers, such as PVA, immediately on nonlinear polymers 
is used, it is advantageous when producing a channel waveguide of nonlinear polymers. 
[0017]Hereafter, it explains based on an example. 
[0018] 

[Example 1] Process drawing of the first example of this invention is shown in drawing 1 . 
[0019]First, on the silicon substrate 1, ((1) Process) and acrylic UV curing resin 2 were applied 
to a thickness of 15 micrometers with a spin coat method, and it irradiated with ultraviolet rays 

20 3 

for 15 minutes, next it takes nonlinear polymers 3 ~ azo dye 5x10 cm **** PMMA (M. 
AMANO and T.Kaino and J. Appl. Phys..) Vol. 68 and 5 micrometers of solutions which melted 
p.6024 (1990) in mono- chlorobenzene were applied with a spin coat ((2) processes). Next, UV 
curing resin 5 which applied 5%PVA4 solution to a thickness of 0.5 micrometer, and melted it 
in ethyl alcohol with a spin coat was applied to a thickness of 0.5 micrometer, and it irradiated 
with the ultraviolet rays 7 for 15 minutes. Next, the spin coat of the silicone series photoresist 6 
was carried out to 0.3-micrometer-thick thickness. This substrate was exposed and developed 
using an ultraviolet-rays-exposure machine, and it was processed into a 5-micrometer-wide 
line ((3) processes). Use this resist pattern as a mask and within a reactant reactive-ion- 
etching device, When reactant reactive ion etching was performed for 60 minutes and it etched 
to a nonlinear high polymer layer of 3 with the oxygen ion 7 in oxygen environment, a pattern 
almost like the drawing 1 process (4) was obtained. Next, it dipped into distilled water and the 
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lift off of the portion above PVA4 was carried out. Next, from on the, the 15-micrometer spin 
coat of the acrylic hardening resin 2 was carried out, and an element of structure like the 
drawing 1 process (6) was produced. 

[0020]The produced element was cut into 10 mm in length, and it put into the poling device, 
and heated at 140 **, the voltage of 2 MV/cm was applied, and it cooled to the room 
temperature at ** in 1 minute /. Next, when 100-mW light was introduced using the fiber from 
1 .06-micrometer laser, the output of the 2nd harmonics (SHG) was measured and the 
conversion efficiency eta of SHG (=SHG intensity / incidence power) was searched for, it 
became 0.3% and the high value was obtained. This is exactly because the channel 
waveguide which does not start a core and INTAMIKISHINGU by using UV resin for a clad 
was produced, without giving a damage to a nonlinear polymer material by the lift off which 
used water. 
[0021] 

[Example 2] Process drawing of the second example of this invention is shown in drawing 2 . 
[0022]On the silicon substrate 8 ((1) process), acrylic UV curing resin 9 was applied to a 
thickness of 15 micrometers with the spin coat method, and it irradiated with ultraviolet rays for 
15 minutes. Next, nonlinear polymers 10 was taken and 5 micrometers of solutions which 

20 3 

melted 5x10 cm **** PMMA for azo dye in mono- chlorobenzene were applied with the spin 
coat. Next, PVA1 1 solution was applied to a thickness of 0.5 micrometer with the spin coat 5%. 
Next, the substrate was put in in the vacuum evaporator and 0.1 micrometer of aluminum 12 
was laminated. Next, the spin coat of the silicone series photoresist 13 was carried out to 0.3- 
micrometer-thick thickness. This substrate was exposed and developed using the ultraviolet- 
rays-exposure machine, and it was processed into the 5-micrometer-wide line ((3) processes). 
Use this resist pattern as a mask and within a reactant reactive-ion-etching device, When 
reactant reactive ion etching was performed next in oxygen environment in the carbon 
tetrachloride for 55 minutes for 3 minutes and it etched to the linearity high polymer layer 10 
with carbon tetrachloride ion or the oxygen ion 14, a pattern almost like the drawing 2 (4) 
process was obtained. Next, it dipped into distilled water and the lift off of the portion above 
PVA11 was carried out ((5) processes). Next, from on the, the 15-micrometer spin coat of the 
acrylic hardening resin was carried out, and the element of structure like the drawing 2 process 
(6) was produced. 

[0023]The produced element was cut into 10 mm in length, and it put into the poling device, 
and heated at 140 **, the voltage of 2 MV/cm was applied, and it cooled to the room 
temperature at ** in 1 minute /. Next, when 100-mW light was introduced using the fiber from 
1. 06-micrometer laser, the output of the 2nd harmonics (SHG) was measured and the 
conversion efficiency eta of SHG (=SHG intensity / incidence power) was searched for, it 
became 0.25% like Example 1, and the high value was obtained. This is exactly because the 
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channel waveguide which does not start a core and INTAMIKISHINGU by using UV resin for a 
clad was produced, without giving a damage to a nonlinear polymer material by the lift off 
which used water. 
[0024] 

[Effect of the lnvention]As explained above, in producing the channel waveguide of nonlinear 
polymers, a nonlinear element can be produced by inserting the process of laminating water 
soluble polymers, such as PVA, on nonlinear polymers, without giving a damage to a nonlinear 
high polymer layer. 



[Translation done.] 
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[Drawing 2] 
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[Drawing 3] 
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